This paper examines how a network of small/medium-sized enterprises was developed to enable reuse and resource conservation in the information and communications technology sector by exchange of used equipment over a resource exchange internet platform. The network's effectiveness and potential for expansion is also examined. The results demonstrate that it is possible and in many cases economically viable to increase the reuse stream of equipment and to extend the network's activities to a European level. The expectation of doubling the amount of traded appliances within the network was greatly exceeded. The successful development of technical, legal and financial guidance led to its incorporation into an accredited industry guideline.
Introduction
The EU has drawn up a list of 14 key raw materials that are needed to maintain our economy and lifestyle (EC, 2010) . The list highlights a group of key rare/scarce metals for which global production is concentrated in a few countries. The restricted supply base combined with the relatively low political stability ratings for some major producing countries significantly increase risk to supply. The list highlights economically important metals that are at risk of supply disruption, including rare earth metals, platinum group metals and metals such as indium.
These key rare/scarce metals are best conserved by reuse or recycling from waste electrical and electronic equipment (WEEE) (Ö ko-Institut, 2011 ). Significant quantities of such products are disposed of by means of landfill and incineration or are stockpiled in homes and businesses at the end of their operational lifetime. This situation results in tremendous dissipation and probable loss of key metals (if products are disposed of) or a potential reservoir for a circular economy (if products are stockpiled). The large quantity of high-tech WEEE and stockpiled electrical and electronic equipment (EEE) has led to a focus of attention on Kuehr and Williams, 2007; N24, 2013) . The collection and appropriate treatment of used EEE and WEEE are crucial steps towards conservation of key resources in the ICT sector.
Project Zerowin (Towards zero waste in industrial networks; www.zerowin.eu) is an ambitious EU-funded project researching -and trialling by means of case studies with industrial partnersmethods and strategies to eliminate the wasteful consumption of resources in key industrial sectors in Europe, primarily by means of the formation of industrial networks. The project is based on the vision reported by Curran and Williams (2012) .
In the Zerowin case study reported in this paper, a network of small and medium enterprises (SMEs) and micro-enterprises was developed to enable reuse and resource conservation in the ICT sector through the exchange of used products by means of a resource exchange platform (RXP). The activities were based on an existing legal entity, the regionally focused ReUseComputer eingetragener Verein (e.V.) (henceforth known as the ReUse ICT network), based in Berlin, Germany. The goals of the case study were to increase the reuse stream of ICT equipment and extend the activities of the ReUse ICT network from a regional to European level. Initially, the ReUse ICT network consisted of 21 partner organisations, comprising one wholesaler, three refurbishers, four retailers, eight ICT service and consulting firms, two environmental organisations, one academic body, one creative sector company and one private individual. The ReUse ICT network offered its members not only a reuse business opportunity, but also other fields of activity for environmental protection and social engagement. By offering low-cost high-quality ICT equipment for customers, the network effectively increased the availability of affordable ICT technology in society, helping to bridge the socalled 'digital divide'. In the EU, such reuse networks have also been established in Belgium, the Netherlands and Austria.
This case study covers activities starting when a used ICT product enters the ReUse ICT network, considers all the necessary refurbishment processes and ends when the product is sold to the second user (reuse). Quantitative enhancement is provided as a consequence of increasing the number of used products (sale/rental) and services traded between ReUse ICT network partner organisations and customers. The useful lifecycle of the reuse products is assumed to double by using high-level refurbishment procedures. A quality scheme has been developed and is binding for all ReUse ICT network members ( Figure 1 ) unless they have already developed their own quality process that meets the criteria of the ReUse ICT quality scheme; in this case, new members may keep their own process after joining the network.
In order to define a system boundary to allow assessment of the case study's achievements, a desktop PC, a laptop and a measurement unit (consisting of two dataloggers that can be used for measuring weather data, soil moisture, etc.) were selected as indicator products traded within the RXP. The functional unit was defined as one piece of indicator product with a lifecycle of one use phase. In the baseline scenario, the useful lifecycle of an ICT indicator product ends after one use phase; it is considered waste afterwards and it is either disposed of or recycled. One use phase is assumed to be 4 years (desktop PC, laptop) or 10 years (measurement unit). In the improved scenario, ICT appliances are not considered waste after the first use phase but traded between business customers and refurbishers from the ReUse ICT network over the RXP. According to experiences from the ReUse ICT network, it is assumed that the lifecycle of ICT appliances can be doubled when high-level refurbishment is implemented according to the ReUse ICT network's quality scheme.
Experimental methods
Four approaches (with associated methods) were developed, as summarised in Table 1 . Approaches A-C addressed increasing reuse of ICT equipment whereas approach D addressed extending the activities of the ReUse ICT network from a regional to European level.
Approach A: Enhancement of reuse ICT business opportunities
An RXP was developed and optimised as a technological basis for ICT product exchange. The RXP is a platform to share information about products for reuse and recycling that are available from a specified network member. It is directed at individual enterprises willing to exchange their used products and components to achieve economic and ecological benefits. The RXP enables a request to be made for a specific product or material, tracking and take-back of ICT products between businesses, and includes an inventory function with technical information about a product, its condition and current owner. Surveys and technical focus groups were used to collect the specification requirements of the RXP and data formats used by existing platforms that deal with reuse products. The platform is available in English and German. The RXP is comparable to eBay, but there are significant differences. The RXP & targets businesses as opposed to private individuals & offers an inventory function that allows product tracking, take-back and optimal maintenance of the product & allows product requests, which may stimulate higher activity in the network and enhance the exchange of higher quality reuse products & does not use an auction process for purchasing transactions.
New members within the ReUse ICT network were secured by means of standard networking activities. A marketing Becker, Nittka et al. strategy was developed to increase RXP throughput. This was informed by a literature review, surveying ICT distributors/retailers for sales data, and surveying consumers (320 youths aged 17-25) for their purchasing behaviour with respect to reuse products.
A feasibility study for offering product rental and a data service instead of selling the ICT product itself was performed by estimating the economic performance of comparative scenarios that would highlight the dis/advantages to businesses of services instead of sales. In addition, rental prices for measurement devices from 11 companies were compared by net price of the new product. The price categories used were J500 (range J0-500), J1500 (range J501-1500), J3000 (range J1501-3000) and J5000 (range J3001-5000).
It has been found that ICT products are frequently purchased at the beginning of a research or educational project at universities and, without taking stock, often stored at the university when the project ends. This is not only a waste of resources as other projects could make use of these appliances instead of purchasing new equipment, but it also offered a business opportunity for the ReUse ICT network. Therefore, a feasibility study for take-back of ICT products at a university was performed by estimating the number, type and purchase value of ICT appliances by means of a survey. could be replicated in other sectors, an assessment of a regionally based project for resource conservation of wood offcuts was conducted. The project, entitled 'hikk -Holz im Kreativkreislauf' (Wood in creative cycles (http://hikk.mixxt. de)) ran from 2009 to 2012 and was co-funded by the European Social Fund. The goal of the project was to produce and market small pieces of furniture and accessories from wood offcuts that were sourced from within the network. The feasibility of resource conservation activities was assessed in terms of potential GHG emission savings, savings of waste materials and job creation potential. The following two scenarios were compared.
& Scenario 1 -wood offcuts were declared as waste, incinerated and thermally recovered in a regional incineration plant. & Scenario 2 -wood offcuts were collected, processed and used for furniture production.
The RXP was further tested by trading other used industrial products, including several models of measurement equipment and mobile phones. In addition, a regional industrial network was identified that was willing to exchange products and byproducts and test the RXP. In 2011 and 2012, two telephone surveys were carried out with Netzwerk Großbeerenstraße e.V., a Berlin-based network of ,50 SMEs and microenterprises from different industrial sectors. The surveys involved asking company chief executive officers about their willingness to utilise the RXP.
Approach D: Transferability of the ReUse ICT network concept to other regions
The transferability of the concept for product reuse to other EU regions was investigated through a literature review, discussions with experts and an in-depth study in the UK. In the UK study, conducted between May 2011 and October 2012, the RXP was introduced to a charity operating in south London and a private WEEE recycling company operating near Portsmouth.
Results

Enhancement of ReUse ICT network business opportunities
The RXP was successfully implemented. The outputs from the surveys and technical focus groups enabled the successful delivery of the specification requirements and suitable data formats for the RXP. New members were successfully introduced to the network, enabling the throughput of used ICT equipment to increase from 30 000 appliances to around 280 000 items. In addition, the ReUse ICT network marketing concept was successfully set up, based on corporate social responsibility principles. Table 2 shows that, over the long term, offering a data service is the most profitable business model (of those studied). It also illustrates that, for some products (e.g. the WS-GP1 weather station), generating a profit by offering a rental service can only be achieved if benefits for resale of the used appliance are included in the calculation.
The results from offering product rental instead of selling an ICT product were less clear cut and showed only marginal profitability, especially when rental may only occur in practice for short periods of time. When calculating a rental service offer, it is important to be aware of additional costs that influence the profitability of a product rental service (Table 3) .
Results from the feasibility study for take-back of ICT products at BTU Cottbus between 2004 and 2011 are shown in Table 4 . Table 5 shows the annual allocation and disposition of WEEE at BTU Cottbus. Note that minor deviations in the sum of purchase prices in Tables 4 and 5 potential savings for product development and material purchase (vii) availability of product information and market data (viii) the existence of 'green' public procurement policies.
(c) National and regional legislation can affect operational practices. correctly sized scrap wood is suitable for furniture production. Thus, from the 37?5 m 3 of suitable scrap chipboard sourced from the carpentry shops of Berlin-Pankow, 975 multifunctional furniture cubes could be produced every month. In practice, the production time per cube is ,20 min. Assuming that a market for the furniture cubes could be established, this would lead to an output of 11 700 cubes/year in 3900 h. Based on the typical hours of a full-time job, this is equivalent to 2?25 jobs. The 0?7 jobs for energy recovery of the remaining scrap wood must be added at the end of the furniture's lifetime, and hence scenario 2 could result in ,2?95 full-time jobs.
In terms of the trading of other products, the RXP worked properly with respect to data entry. However, it proved difficult to sell used mobile phones for a fixed price. It appears that most used mobile phones traded in the EU are auctioned either in large lots (directly, with potential buyers worldwide) or as single items (mostly through eBay). Due to its market penetration, eBay has colossal access to potential customers in this product sector and hence it will be difficult for the RXP to compete.
Transferability of the ReUse ICT network concept to other regions
In Austria, from ,29 000 t of ICT products sold in 2010, ,57% were collected and 0?94% refurbished and reused (EAK, 2011 Table 5 . Take their end of use, the EEE is typically returned to the leasing company, data are erased and any necessary repair/refurbishment is completed (mostly outside Austria (Germany, Netherlands, eastern Europe)) and then the equipment is sold to developing countries.
If the equipment has not been leased, most Austrian companies tend to give ICT equipment to their employees to use domestically (normally through representatives of workers' unions) either free of charge or for a small donation to the workers' union. The companies are typically aware that this creates problems in terms of data security (data are often not properly erased) and software licensing, but management feel it is more important to do something positive for the workers' union to safeguard future relationships.
Companies that do not hand equipment over to their employees typically donate their end-of-use ICT equipment to schools, social projects, etc. Reuse within private households is common practice, but there is no study about quantities in Austria. From experience from within the Zerowin consortium, most of these 'household' products enter the WEEE stream, are donated to charities or are handed over to informal collectors (see the TransWaste project (www.transwaste.eu)). This constitutes a business opportunity for formalised collection within Austria and subsequent resale. One partner in the Zerowin consortium, Greentronics, manufactures and remanufactures multi-function printing equipment for SMEs. Greentronics has developed several charity projects with large companies and banking institutions. Part of the WEEE collected from these institutions is remanufactured and then donated to various organisations, community groups, etc. Greentronics has proposed a Zerowin-style industrial network to representatives of leading manufacturers in the Romanian market; the proposal has been greeted with enthusiasm, demonstrating that there is potential to transfer the concept to relatively underdeveloped EU countries.
Consultation with reuse organisations in the UK resulted in several suggestions for improvements in the trade of ICT equipment using the RXP, as summarised in Table 8 & There are no legal barriers preventing organisations renting items out of the UK.
Discussion
Enhancement of Reuse ICT network business opportunities
Through integration of a broad range of products and materials, the design and development of the RXP enhanced the ReUse ICT network both qualitatively and quantitatively. It is clear that the RXP could be a significant tool for exchange of materials and could substantially increase the number of 
organisations involved in the reuse of ICT (and other) products. As the RXP is a web-based tool, it readily allows an extension of the ReUse ICT network from a regional to European level, and there is evidence from developed and underdeveloped EU countries to support this. Nevertheless, broad introduction of the RXP into European markets is a process that will need further efforts and research in future. In particular, it will be necessary to make high-level refurbishment and reuse more accepted in European society, to increase significantly the number of products traded through the RXP and to market the platform successfully.
In terms of offering product rental and a data service instead of selling ICT products, the feasibility of the service offer depends on the customer type. For example, universities and research institutes normally need instruments for long periods of time, so renting is probably not a sensible option for them, although it might be economically viable to select a data service. Consulting and engineering offices are more likely to be interested in a rental service as they often work on short-term projects. Carefully thought-out logistical and operational procedures and economic calculations that relate to an individual business case need to be accomplished in order to offer a service that is economically sensible for both the customer and the service company.
Regulations at national or international level can significantly impact economic feasibility. For example, the German Ministry of Finance has recently changed the depreciation time for estimating the book-keeping value of ICT devices from 60 months to 36 months. This reduces the book value of ICT devices to only J1 after 3 years. In contrast, the BFL IT index (www.bfl-it-index.de) estimates the book value to be 34% of the purchase price after 3 years or 24% after 4 years. Applying the BFL IT index approach to the ICT equipment from BTU Cottbus, a cashback from sales of obsolete equipment of up to about J400 000/year is possible. Even if 75% of the appliances were scrapped because of damage or for other reasons, 25% of appliances that were used for up to 4 years would provide an annual cashback of around J100 000. Scaling this up to a national level, the economic potential of selling used ICT appliances from universities can be estimated to be approximately J40 million in Germany. Consequently, the business opportunity for the reuse of ICT equipment from European universities is considered high, although it must be acknowledged that the full potential is unlikely to be realised once factors such as performance limitations and the influence of fashion are taken into account.
Public collection facilities represent a technical barrier for enhanced reuse and recycling in ICT networks as they do not provide damage-free collection and are not willing to hand over material to refurbishers. Retailers in the ReUse ICT network therefore source used goods for resale mainly from wholesalers in southern Germany, which in turn source used ICT equipment from large businesses such as insurance companies and public enterprises. An economic as well as ecological improvement option is to establish cooperation along the collection, refurbishment and sales chain.
Furthermore, in some countries, such as Romania, the quality of collected ICT equipment does not allow a further lifecycle. In this case, used equipment can be sourced from other countries such as Germany, where supply exceeds regional demand. With regard to industrial networks, international cooperation between collectors (e.g. in western Europe), refurbishers (e.g. in eastern Europe) and retailers could be part of a European-wide strategy for value conservation, resource efficiency and employment.
The main economic barrier to ICT reuse networks is a lack of financial incentive for refurbishment companies (Becker, 2009) . Low labour costs for the assembly of new ICT equipment compete with considerably higher labour costs for refurbishment (Beigl et al., 2009) . Even in micro-enterprises, a burden has to be carried by the owner -by private capital or by precarious living conditions. It is therefore not economically viable to handle resources locally and to sell reuse products. The same applies to low-value products that could be reused in local symbioses, such as packaging material or grey water. This situation might be mitigated through tax relief for reused products. In addition, costs for raw materials and energy have typically increased, which might improve the economic feasibility of reuse.
Lack of transparency of product availability is another barrier to reuse. For example, ICT equipment in the storage rooms of companies and other organisations is not a controlled material stream. The implementation of radio frequency identification (RFID) technology or an inventory service might address this situation.
Reuse best-practice guidance
The successful development of technical, legal and financial guidance, and its incorporation into an accredited industry guideline, is a major achievement in terms of facilitating the reuse of ICT hardware. This guidance will provide authoritative support for reuse entrepreneurs faced with fundamental decisions when starting a reuse business. In addition, OEMs, retailers and ICT consultant firms that are considering an expansion of their economic activities towards refurbishment and reuse have been provided with reliable information.
The economic cost assessment revealed and quantified a highly relevant success factor for an enhancement of the reuse ICT sector. It is clear that time spent on refurbishing used ICT 
Transferability of the ReUse ICT network concept to other product categories
This case study has demonstrated that the reuse of products and selected industrial residues is worthwhile in terms of reducing GHG emissions, enabling resource recovery and socioeconomic development. However, in both cases (the reuse of ICT products and resource conservation of wood offcuts) implementation of a cyclical resource flow is challenging from an economic standpoint. Even though scrap wood can be sourced free of charge, Lotta Rest furniture products are economically non-competitive compared with staple articles produced by large national or international companies. This is mainly due to relatively high local (EU) wages and the maintenance of reuse logistics in Germany compared with relatively low costs of production and shipping from outside the EU. This study has also demonstrated that some used ICT products (e.g. mobile phones) are unlikely to be exchanged by means of any platform that does not allow auctioning.
Transferability of the ReUse ICT network concept to other regions
There is potential to transfer the concept to other EU countries, but local conditions are likely to dictate success (or otherwise). In a relatively developed EU country such as Austria, only a small quantity of used ICT products is collected and refurbished for reuse. Transferring the RXP for ICT products to Austria is feasible as long as it supports the sales of usable products from Austria to other countries. Interested buyers in other countries (e.g. Hungary, Romania, Serbia) would have to be attracted in order to generate a market for such products. This perspective offers a realistic and financially viable potential for socioeconomic projects, small businesses and private citizens to offer their products to second users in other countries over the RXP.
The transferability and adoption of the business concept for a less developed EU country such as Romania also has good prospects; according to Erste Group Bank AG, growth for ICT sales in 2011 was 11?3% and the forecast for 2012 was 12?7% (Erste, 2011) . Increased sales of new EEE in Romania imply greater collection of used EEE and a rise in the quality of collected EEE. Thus, remanufacturing of products will become more attractive to companies and will require less effort. The RXP is considered a vital tool for accelerating and structuring this development.
Conclusions and recommendations
This Zerowin case study has demonstrated that it is possibleand in many cases economically viable -to increase the reuse stream of ICT equipment and to extend the activities of the ReUse ICT network from a regional to European level. The expectation of doubling the amounts of traded appliances within the network was greatly exceeded. The RXP enables additional business opportunities through clustering of reuse firms in an industrial network and allows regional transfer of the ReUse ICT concept, the inclusion of further product categories and additional service offers (e.g. take-back, service instead of sales).
ICT reuse networks have an important role in terms of
& developing a quality control scheme and label & developing technical guidelines for the refurbishment process and a marketing concept for broad orientation of reuse companies and start-ups & designing and developing an RXP that combines different purchase options, products and materials for reuse and recycling (or a user group within an existing platform) & promoting and lobbying for reuse & making high-level refurbishment and reuse more accepted in European society.
Reusing goods based on defined criteria is, in many cases, economically attractive and ecologically necessary, and makes sense for an inclusive society. Reuse networks deliver options for smart interlinkage of economic activities, resource protection, waste prevention and promising employment.
Further development of ICT reuse networks in Europe is possible and preferable with regard to ecological, social and economic considerations. A resolute European reuse and recycling strategy would help to save resources -primarily raw materials, but also water and energy. The European waste hierarchy provides an adequate resource utilisation and recovery framework for the consideration of ICT products. It will, however, be necessary to overcome technological and economic barriers by concerted measures such as establishing regional and international reuse networks and introducing financial incentives for reuse businesses. By aiming at value conservation through greater reuse activities in Europe, this is prerequisite to creating business opportunities in this sector.
In principle, the ReUse ICT network concept is transferable to other industrial sectors. Its economic feasibility depends on several factors that will have to be quantified individually, for example These findings are highly relevant to ongoing international discussions on resource conservation, producer responsibility, waste entrepreneurship and the management of WEEE.
